The aim of this paper is to investigate the effect of cutting speed and uncut chip thickness on cutting performance. A Finite Element Method (FEM) based on the ABAQUS explicit software which involves Johnson-Cook material mode and Coulomb's friction law was used to simulate of High Speed Machining (HSM) of AISI 1045 steel. In this simulation work, feed rate ranging from 0.05 mm/rev to 0.13 mm/rev and cutting speed ranging from 200 m/min to 600 m/min at three different cutting speeds were investigated. From the simulation results it was observed that increasing feed rate and cutting speed lead to increase temperature and stress distribution at tool/chip interface. The results obtained from this study are highly essential to predict machining induced residual stresses and thermo-mechanical deformation related properties on the machined surface.
Introduction
During metal cutting operation, the mechanical energy due to the plastic deformation developed at tool/chip interface which is converted into heat. This temperature rise impact on the tool wear, short tool life and surface integrity of material.It is well observed that the rate of tool wear is greatly dependent on the tool-chip interface temperature in metal cutting process [1] . Cutting speed and feed rate of cut have a very significant impact on heat generated and temperature distributionat deformation zone.When cutting speed increases the heat flowing and heat generation from the tertiary heat source increases tool rake face temperature. In addition, high cutting speed and feed rate increase cutting force that it can lead to increase temperature and stress distribution at cutting zone. However, it is very important to minimize tool wear, and optimizing effective cutting parameters such as cutting speed and feed rate [2, 3] .
In research area of metal cutting process, the prediction of cutting temperature are the most difficult and hot topics. There are several experimental methods such as embedded thermocouple andinfrared technique [4] to measure cutting temperatures at tool/chip/workpeice interface. Although, experimental work can obtain accurate results but they are expensive and time consuming. Due to these experimental difficulties several numerical and analytical methods have been employed to predict machining temperature.Finite element modeling of metal cutting process is a powerful tool which can predict cutting temperature at tool/chip interface before experimental work and may assist in better understanding and recognition of basic machining parameters such as cutting speed and feed rate [5, 6] .
In this simulation work, a finite element method based on ABAQUS software is used for the prediction of the effect of cutting speed and feed rate on temperature distribution in machining AISI 1045 steel. This analysis was considered needful because the cutting process parameter influences the productivity and costs, but also because it is less discussed in literature.
Model Preparation

Material Model
For the accurate and realistic prediction of the tool temperature and stress distribution, a Johnsoncook material model [7] was used. This model is a strain rate and temperature dependent [8] the thermal visco-plastic behavior of the workpiece model which describes the relationship of stress, temperature, strain and strain rate fields. This particular plasticity model is suitable for problems where the temperature changes dramatically due to plastic deformation and where at high strain rates (102s−1 to 106s−1) which typically occur in metal cutting. Thus, the fully coupled thermomechanical analysis was applied. This thermo-mechanical model uses a constitutive equation, the Johnson-cook law, which is presented as Eq. 1:
In the above equation, the first parenthesis is elastic-plastic term and it indicates strain hardening. The next one is viscosity term and it represents that flow stress of material increases when workpiece material is exposed to high strain rates. Finally, the third or last one is temperature softening term. A is the true stress, the parameters A, B, C, n and m are material constants that are found by material tests. In this model, A is initial yield stress (MPa), B is the hardening module, C is the strain rate dependency coefficient (MPa), n is work-hardening exponent, and m is the thermal softening coefficient. In definition of temperature softening term, T is temperature of material, is room temperature or reference and also is melting temperature of a given material. A ε represent the true strain, is the strain rate and normalized with reference strain rate . In this simulation work, the Carbide cutting tool was modeled as an elastic material where workpiece material was defined as elasto-plastic material. Table 1 shows thermal properties of cutting tool and workpiece and Table 2 shows the Johnson-Cook parameter values used for deformation behavior of AISI 1045 steel. [9] .
Chip Fracture Criterion
The chip separation from workpiece was simulated using Johnson-cook failure model which is most suitable for high strain-rate deformation. The Johnson-Cook dynamic failure [7] is allowed to occur when the fracture damage criteria D exceed 1 and the concerned element are removed from computation. The damage parameter was calculated for each element and is defined in Eq. 
where d 1d 5 are failure parameters, the dimensionless pressure-deviatory stress ratio p/q, (where p is the pressure stress and q is the Von Mises stress). The damage conctant of AISI 1045 standared steel are presented in Table 2 when the Johnson-cook dynamic failur model given as Eq. 3: 
Friction Model
In this paper, sticking and sliding friction modeling were applied between the chip and the tool rake face and used Coulomb Law to find temperature distribution along tool-chip distribution. This model is defined in Eq. 4:
where S is frictional stress along the tool/chip interface, is the friction coefficient; is normal stress on the tool and is the limited shear stress of the material. In this case, a surface contact model between chip and tool is simulated. The friction coefficients of sticking and sliding area are 1 and 0.25 respectively. These friction modeling have been used in previous publication [9] .
Meshing
In order to achieve accurate results for the machining simulation, the tool was modeled using 1281 nodes and 1360 elements and the mesh division of the workpiece performed into 3536 nodes and 3380 elements when tool and workpiece were partitioned with finer mesh near the contact zone. Fig. 1 shows the discretized model of orthogonal cutting. The element type of 4-node bilinear displacement and temperature (CPE4RT) was selected with a plan strain assumption for deformation in the orthogonal cutting process. Cutting parameters are as follow: rake angle 0°, clearance angle 5°, tool edge radius 0.02 mm, cutting width 2 m/mm, cutting speed 200, 400 and 600 m/min, and feed rate between 0.05 and 0.13 mm/rev. 
Results and Discussions
The effect of cutting speed and feed rate on temperature distribution Fig. 2 shows the behavior of temperature against the feed rate and cutting speed. It is clear that increasing in feed rate, section of chip and friction power spent on the tool face increase and consequently an increasing in temperature in the cutting zone, it agrees with [1, 2] . As feed rate increase from 0.05 mm/rev to 0.13 mm/rev, the temperature increase in 10% for all cutting speed investigated. It is obvious that increase of cutting speed lead to higher interface contact temperature. This behavior is due to the fact that as cutting speed increase, friction force increases and strain rate in primary and secondary deformation zones also increase, these induce an increase in temperature in cutting zone. The temperature distribution at the tool/chip interface and deformation zone is conducted to the cutting tool. The chip formation and temperature distribution for machining of medium carbon steel is obtained as shown in the Figs. 3, 4 and 5 respectively. It is highly noticeable that temperature rise in primary and secondary cutting zone due to increase cutting speed and feed rate where maximum temperature observe on the tool rake face at cutting speed 600 m/min and feed rate 0.13 mm/rev. 
Conclusion
A finite element model of two-dimensional metal-cutting process was used to study the influence of cutting speed and feed rate on temperature distribution at tool/chip interface. The fully thermomechanical couple used Johnson-Cook material model to determine plastic behavior of AISI 1045 steel during orthogonal machining. From the results of this simulation work, it was observed that increasing cutting speed lead to increase strain rate at primary and secondary deformation zone, therefore this induce an increase in temperature at deformation zone. In addition, FEM results indicated that the maximum temperature at tool/chip contact is increasing with increase feed rate for all simulated cutting speeds. As a result of this simulation work, a good combination among the cutting speed and feed rate can generate minimum cutting temperature during cutting process.
